Abstract A new simple, rapid and precise RP-HPLC method was developed for the extraction and quantitative estimation of caffeine (C), (−)-epigallocatechin gallate (EGCG), (+)-catechin(Ct), (−)-epicatechin(EC), and (−)-epicatechin gallate (ECG) (collectively named as Tea Powder Bioactives TPBAs) extracted from tea powder using different ratios of ethanol: water. The simultaneous determination of TPBAs was performed using the UV spectrophotometric method which employs the absorbance at 205 nm (λ max of caffeine and polyphenols). This method is a gradient based HPLC method with a flow rate of 0.8 mL/min using Inertsil ODS 100 × 4.6 mm, 3 μm column with methanol and ammonium dihydrogen phosphate (pH-2.8) as mobile phase. The method was validated in terms of specificity, precision, linearity, accuracy, limit of quantification (LOQ), and limit of detection (LOD). The linearity of the proposed method was investigated for concentration ranging between 0.5-60 μg/mL with regression co-efficient, R 2 = 0.999-1.0. This method estimates all the TPBAs simultaneously with enhanced precision and linearity as per the ICH guidelines. Also, to confirm the individual TPBA, the antioxidant property of the each TPBA was analyzed which was commensurate with that of the previous reports.
Introduction
Tea is the most popularly used refreshment beverage throughout the world. Along with its aroma, this anti-oxidant-richdrink has vast medicinal applications, because of which several research investigations have been attempted to explore the potential of its chemical constituents in therapeutics. The fact that these constituents possess various biological properties, such as antiallergic, antibacterial, anticarcinogenic, antimutagenic (Otsuka et al. 1998) as well as the antioxidant properties (Tanaka et al. 1998; Vinson and Dabbagh 1998) has magnified the attention of researchers. In general, fresh green tea leaves contain 36 % polyphenols predominated by the catechins. Catechins constitute four primary compounds Table 1 
epigallocatechin gallate (EGCG), epicatechin gallate (ECG), epigallo catechin (EGC) and
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* Puttaswamappa Mallu mallu1966@yahoo.in * Shivananju Nanjunda Swamy nanju_chem@yahoo.com epicatechin (EC) (Perva-Uzunalić et al. 2006) . Among these, EGCG is the most prime component in tea extract (48-55 % of total polyphenols) (Ho et al. 1997) . The therapeutic effects of tea components mainly of the green tea and exclusively its catechins have been extensively examined in microbial and mammalian cell systems (Nugala et al. 2012) . A study suggests that tea phenolics may suppress formation of mutagenic and carcinogenic heterocyclic amines in cooked foods (Oguri et al. 1998) . The most dominant constituents in tea are polyphenols and they have been considered to be the major dietary bioactive responsible for its health benefits. The anticarcinogenic and antimutagenic activities of tea polyphenols are attributed to their antioxidant properties which acts by inactivating the carcinogens directly and also inhibiting the activation of indirect carcinogens extracellularly (Kuroda and Hara 1999; Perva-Uzunalić et al. 2006; Zhao et al. 1989 ). The total polyphenol amounts determined from the same plant and their corresponding antioxidant and antimicrobial activities may vary widely, depending on extraction conditions applied. The exact measurement of TPBAs in Tea powder is extremely important as they possess considerable dietary importance which helps in also assessing the quality of the tea powder with respect to its health benefits. The aim of the present work was to develop but, the use of a class 2 methanol and class 3 ethanol as per FDA guidelines is more recommended than acetonitrile which is a class 2 solvent (FDA 2012).
Materials and methods

Compounds chosen for extraction and estimation
Chemical structure, molecular formula and formula weight of the bioactives are as shown in Table 1 . HPLC grade methanol (Merck, USA) was used as mobile phase solvent. Ethanol used was of analytical reagent grade (Beijing Chemical Reagents). Deionized water was obtained from reverse osmosis and ion exchange purified water system (Milli-Q system, USA).
Plant material and chemicals
Preparation of extracts
The green tea leaves were shade-dried for three days, pulverized and sieved. Green tea leaves powder (50 g) was placed into a lintel free cloth and the bag containing tea powder was placed into a soxhlet apparatus containing extraction solvent of different combination of water and ethanol (ratio of tea powder and extraction solvent 1 g: 20 mL) was taken for the extraction (Corrales et al. 2009; Jun et al. 2011) at constant time (2 h) and temperature. The extracted sample was centrifuged at 4000 rpm for 10 min and the supernatant was subjected to vacuum filtration using 0.45 μm filter paper. The sample was evaporated by rotary evaporator under reduced pressure at 40°C followed by freeze drying at −35°C. The samples were stored at −20°C until further use.
Extraction using different ratio of ethanol: water at 100°C
Extraction was carried out as described in the section 2.3 at boiling temperature on an oil bath using different ratios of water and ethanol viz., 75:25, 50:50 and 100 % water.
Preparation of standards
TPBAs of 0.15 mg were dissolved in 1 mL of Water-Methanol (50:50 v/v).
HPLC sample preparation
The extract (40 mg) was dissolved in 20 mL of watermethanol (50:50 v/v) and further sonicated to dissolve and then diluted to 100 mL.
Chromatographic system and conditions
Two HPLC systems were employed during validation experiments viz., Agilent (1200series) quaternary HPLC with DAD detector and Shimadzu binary system with SP-20 Detector using HPLC column Inertsil ODS (100 mm × 4.6 mm, 5 μm, USA) at 25°C. To adjust the pH of the mobile phase, pH-meter (EUTECH instruments, USA) was used. The mobile phase consists of A-100 mM monobasic ammonium phosphate buffer of pH 2.8 ± 0.2 and B-methanol. The ODS column (100 mm × 4.6. I.D., 3 μm, Inertsil, USA) and the flow rate was set to 0.8 mL/min. The column temperature was set to 25°C. The PDA detector was kept at 205 nm. Water and methanol of ratio 1:1 v/v was used as a diluents. A 5 μL injection volume of each sample was injected on to the column, separated and eluted using the following gradient, 0 min, 15 % B; 6 min, 30 % B; 12 min, 30 % B; 15 min, 80 % B; 23 min, 80 % B; and allowed for 5 min for column stabilization with initial conditions.
HPLC method validation
Specificity and method precision
Specificity was demonstrated by the resolution of the two components which elute closest to each other. The ability of the procedure to discriminate between compounds of close structurally related polyphenols which are likely to be present was confirmed by obtaining positive results by comparing with a known reference material from samples containing the analyte.
Separately, 0.2 mg/mL of all standard polyphenol solution were injected to the column separately and 1 mL solution of each standard were mixed and injected as a spiked standard solution. The relative retention time (RRT) of each of Caffeine, (+)-Catechin, (−)-Epigallocatechin gallate, (−)Epicatechin, and (−)-Epicatechin gallate were 1, 0.85, 1.08, 1.17, and 1.64 respectively.
Limit of quantification and limit of detection (LOQ and LOD)
Signal-to-noise ratio was determined by comparing measured signals from samples with known low concentrations of analyte with those of blank samples and establishing the minimum concentration at which the analyte can be reliably detected. A signal-to-noise ratio was verified which suggests that the ratio of 10 S/N was obtained for quantification limit and 3 S/N for detection limit. 1995) . 5 μL of the LOQ solution was injected into HPLC in six replicates and was calculated for S/N ratio 10. LOQ solution of 33.3 mL was pipetted out and made up to 100 mL using diluent and the resulting solution was used for LOD.
Linearity determination of TPBAs
Linearity of the method was tested for all the five polyphenols using the concentration range 80-120 %. The stock solution for linearity was prepared by weighing 5 mg of each polyphenol in 10 mL of Water-Methanol (50:50 v/v) and the stock solution was further diluted to 10 mL using 0.8 mL for 80 %, 1.0 mL for 100 %, and 1.2 mL for 120 % linearity solution.
Procedure for the accuracy solution preparation
Exactly 5.16, 5.24, 5.27, 5.34, and 5.32 mg of (+)-Catechin, Caffeine, (−)-Epigallocatechin gallate, (−) Epicatechin, and (−)-Epicatechin gallate were weighed and separately dissolved in 10 mL of . From the stock, 6 mL was diluted to 10 mL to get the working standard and 1 mL of working standard was spiked with 50 mg of sample and diluted to 10 mL. Spiking samples were prepared in triplicate to calculate the recovery.
DPPH scavenging activity of the TPBAs
DPPH-free radical scavenging activity of (+)-catechin, caffeine, (−)-epigallocatechin gallate, (−)epicatechin, and (−)-epicatechin gallate was evaluated according to the method of Xu and Chang (Xu and Chang 2007) . Briefly, 0.2 mL of the isolated tea components were separately taken and made upto 4 mL using ethanol solution of DPPH radical (final concentration was 0.1 mM). The mixture was vigorously vortexed for 1 min and left to stand in dark at room temperature for 30 min. Thereafter, the absorbance for the samples was measured at 517 nm against ethanol blank. A negative control (A sample ) was taken after adding DPPH solution to 0.2 mL of the respective compound (A control ). The percent of DPPH discoloration of the sample was calculated according to the equation:
The free radical scavenging capacity of the bioactives is expressed as an equivalent of that of Trolox standard curve.
Results and discussion
The extraction of TPBAs with different ratio of water and ethanol (75:25; 50:50; 100:0 v/v) was carried out at the boiling temperature using soxhlet apparatus. It is observed from the data (Table. 2) that the ethanol: water mixture of the ratio 75:25 v/v was more efficient than other compositions and maximum yield was obtained using 90 mins of extraction time. There was no significant increase in the yield of any compound other than caffeine even after cotinuing the extraction for 120 min. Based on this data, 90 min extraction was found to be optimum.
With increase in concentration, linearity (R 2 = 0.99) was seen for all the TPBAs from the HPLC studies (Fig. 1) . This method was precise in extracting and estimating the TPBAs with a run time of less than 20mins which was also observed with previously established methods (Dionex 2011) .
From the results being comparable with the previous studies (Nanjo et al. 1996; Senba et al. 1999) , it is clear from Fig. 3 that (+)-catechin showed the highest DPPH scavenging activity followed by caffeine, (−)-epicatechin, (−)-epicatechin gallate, and (−)-epigallocatechin gallate.
Conclusion
The developed RP-HPLC method can be successfully used for the isolation and quantification of five bioactives present in tea powder. Based on the results of the LOQ, the method was observed to be sensitive for measuring all TPBAs at concentrations ranging between 0.4 to 0.7 ppm. The method has a detection limit of 0.13 to 0.23 ppm. It is linear for 80 %, 90 %, 110 %, 100 %, and 120 % assay concentration. With a % RSD of 0.7 and the method has precision as the system suitability parameters lie within the limit of % RSD less than 2 % and the accuracy of the method was found to be 98-102 %. The use of ethanol instead of acetonitrile made the method safer as per the guidelines of Food and Drug Administration (FDA 2012) . The methanol-ammonium dihydrogen phosphate used as mobile phase which gives higher resolution to the peaks by providing detection at shorter wavelength (205 nm). The same mobile phase is advised for preparative and semi-preparative separations (Meurant 2011) . The DPPH scavenging activity of the bioactives (Fig. 2) confirms their antioxidant properties which are relevant with that of the results obtained in the previous studies (Nanjo et al. 1996; Senba et al. 1999 ). Furthermore, this method which is simple, precise, and accurate can be employed by industries for quality control and quality assurance.
